To investigate whether Diabetes mellitus chemically induced by alloxan is capable of changing, in the long term, the oxidative balance in the liver tissue of rats.
Introduction
Accumulated literature reviews suggest that cellular oxidative stress plays a crucially important role in the genesis of hyperglycemia-related tissue damage. According to these reports, increased production of reactive oxygen species (ROS) in diabetes would be capable of initiating or promoting the development of chronic diabetic lesions on vessels, retina, kidneys, nerves and on the other organs whether antioxidant defenses of diabetic organism are unable to block the harmful action of such substances [1] [2] [3] [4] .
Clinical and experimental findings suggest that the liver, similarly to other organs, may also be affected by diabetes mellitus (DM) in the long-term [5] [6] [7] [8] [9] [10] [11] . Liver compromising by diabetes is known by the designation of non-alcoholic fatty liver disease (NAFLD), which, histologically, cannot be distinguished from ethanol-induced hepatic steatosis 5 . NAFLD is characterized by being a pathological clinical syndrome with a broad spectrum of histological manifestations that can take from a benign course to more severe forms of chronic liver disease, such as nonalcoholic steatohepatitis, hepatic cirrhosis and, occasionally, liver carcinoma 9, 12 .
Recent clinical and experimental studies suggest that once NAFLD is established in diabetes, the already compromised liver could be affected by ROS, and hepatocellular damage aggravation could occur with inflammation and progression to steatohepatitis and cirrhosis 10, [13] [14] [15] [16] [17] [18] .
However, differently from other chronic diabetic lesions, DM has been neglected as a cause of chronic liver disease, considering the great importance given to other pathogenic agents.
Until not long ago, a large number of patients with cirrhosis, the cause of which was considered to be "cryptogenic", today have, in diabetes, a very well-established cause 19 . Hence, this study aimed at evaluating how hepatic oxidative stress behaves in a DM animal model with the purpose to establish the actual potentialities of such cellular aggression mechanism in the genesis and development of diabetic chronic liver disease. We hope this knowledge can to base proposals for use of antioxidants agents capable of neutralizing the harmful effects of ROS on the liver. Rats who died throughout the experiment were replaced to avoid compromising the initial size of the sample.
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The concentration of lipid hydroperoxides (HP) in the hepatic tissue was significantly high (p<0.01) in animals from DG,
at the dosages made with one, three and six months of followup as compared with those observed in rats from NG. Contrarily, the antioxidant activity of the liver tissue associated with enzymes superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px) were significantly reduced in these periods (p<0.01).
Oxidative stress in the liver tissue also showed a positive relationship with the duration of the hyperglycemic state, and it was more intense in the animals later sacrificed, regardless of the variation in glycemic values. Table 1 illustrates the results found in animals from the two experimental groups in the respective sacrifice periods. It is widely known, however, that oxidative stress plays an important role in the mechanisms of regulation of cellular adherence, proliferation, migration and signaling of the extracellular matrix 20 , thus, being able to change the structure and permeability of the cell membranes and intracellular organelles, such as mitochondria, the rough endoplasmic reticulum, and affecting ion exchange, the oxidative process and protein synthesis 21 . Reactive oxygen species (ROS) generation may also attack lysosomes and cellular DNA, making cells more susceptible to the damage caused by toxic products and mutations that may lead to cellular death 21, 22 .
Diabetes mellitus triggers oxidative stress in the liver of alloxan-treated rats: a mechanism for diabetic chronic liver disease
On the other hand, oxidative stress does not seem to be the only mechanism implicated in the genesis of chronic diabetic complications, as shown by several studies 4, 20, [23] [24] [25] . A well-known mechanism of cellular damage is mediated by the advanced products of non-enzymatic glycolysation (AGE). These substances result from spontaneous reactions of free sugars with several proteins, and they are capable of initiating a large variety of abnormal cellular responses, such as the inappropriate expression of growth factors and proinflammatory cytokines, accumulation of the extracellular matrix and vasoregulatory dysfunction 23, 24 .
Another mechanism of cellular aggression is the activation of the polyol pathway. According to Khan et al. 4 , the body tissues that do not depend on insulin to capture glucose, such as the nervous system, can, as a result of the high levels of circulating glucose, also lead to glucose increase intracellularly. Various studies on the physiopathology of NAFLD have
shown that the liver of obese men and animals is more sensitive to the harmful stimuli of chronic oxidative stress, particularly in response to the aggression of proinflammatory cytokines, such as the tumor necrosis factor alpha (TNF-a), and to bacterial endotoxins [28] [29] [30] . Evidence in the literature, however, suggests that chronic oxidative stress of the liver not only is capable of initiating molecular alterations that lead to fat accumulation in the organ, but also of promoting alterations that result in steatohepatitis and in cirrhosis. Sanyal et al. 31 reported that insulin resistance also plays an important role in NAFLD development to steatohepatitis, considering the fact that it negatively influences intracellular routes in the hepatocyte. Such hypothesis is shared by other authors 32, 33 who have described the association between insulin resistance and hypertrophy of the liver's microsomal oxidative function due to increased activity in the intramitochondrial cytochrome P-450 system, which is related to the loss of the insulin inhibitory effect in the mechanisms of cellular oxidative stress regulation.
It is certain, however, that in the development of NAFLD to steatohepatitis, and from the latter to cirrhosis, factors that act within and out of the liver are involved. An example of such fact is the increased resistance to insulin action to the peripheral level, which increases the oxidation of fatty acids in the adipose tissue and enhances the provision of FFA to the liver, thus predisposing to ROS generation 11, 31 . An experimental study conducted by Jensen et al. 34 
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, the beginning of NAFLD progression to steatohepatitis and cirrhosis involves two crucial points: the first is related to patients' risk factors, such as genetic defects, insulin resistance, hyperinsulinemia, obesity and lifestyle; the second is related to the alterations in intra-and extramolecular mechanisms that lead to hepatic damage, including FFA oxidation, the formation of ROS, lipid peroxidation and the release of proinflammatory cytokines responsible for inflammation, necrosis and hepatocellular fibrosis. According to Dowman et al. 36 , the accumulation of triglycerides in the liver, or steatosis, increases that organ's susceptibility to damage mediated by inflammatory cytokines/adipocytokines or by hepatocellular oxidative stress, thus fostering NAFLD progression to steatohepatitis and/or fibrosis.
According to those researchers, FFAs are also capable of acting directly on the liver, promoting hepatic damage. These compounds Diabetes mellitus triggers oxidative stress in the liver of alloxan-treated rats: a mechanism for diabetic chronic liver disease can be both submitted to b-oxidation and sterified with glycerol in order to form triglycerides, which leads to fat accumulation in the liver. Within that organ, FFAs can also increase hepatic oxidative stress and/or activate inflammatory pathways that contribute to NAFLD progression.
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